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(57) ABSTRACT 

An electrostatic discharge protection structure includes: Sub 
strate of a first type of conductivity, well region of a second 
type of conductivity, Substrate contact region in the Substrate 
and of the first type of conductivity, well contact region in the 
well region and of the second type of conductivity, Substrate 
counter-doped region between the Substrate contact region 
and the well contact region and of the second type of conduc 
tivity, well counter-doped region between the substrate con 
tact region and the well contact region and of the first type of 
conductivity, communication region at a lateral junction 
between the substrate and the well region, first isolation 
region between the Substrate counter-doped region and the 
communication region, second isolation region between the 
well counter-doped region and the communication region, 
oxide layer having one end on the first isolation region and 
another end on the substrate, and field plate structure on the 
oxide layer. 
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ELECTROSTATC DSCHARGE 
PROTECTIONSTRUCTURE AND 

FABRICATION METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

0001. This application is a division of U.S. patent appli 
cation Ser. No. 14/130,481, filed on 31 Dec. 2013, which is a 
U.S. national stage application of PCT Patent Application No. 
PCT/CN2013/074896, filed on 27 Apr. 2013 and claiming the 
priority benefit of China Patent Application No. 
201210130387.3, filed on 28 Apr. 2012. The aforementioned 
applications are incorporated by reference in their entirety. 

TECHNICAL FIELD 

0002 The present disclosure is related to the field of semi 
conductor fabrication and, more particularly, to an electro 
static discharge protection structure and a fabrication method 
thereof. 

BACKGROUND 

0003 Electrostatic discharge (ESD) causes damages to 
semiconductor components. 
0004. A conventional electrostatic discharge protection 
structure utilizes a silicon controlled rectifier (SCR), as 
shown in FIG. 1. The structure of the SCR includes a PN 
junction structured made of a p-type Substrate and an n-type 
well region formed by n-dopants in the p-type substrate. The 
p-type substrate and the n-type well region are doped with 
dopants to form n+ and p-- regions therein, respectively, as 
contact regions. Heavily doped counter-doped p-- and n+ 
regions are formed between the contact regions and at a 
lateral junction between the substrate and the well region. The 
n+ contact region and the p-- counter-doped region in the 
n-type well region are electrically coupled by a metallic lead 
line to forman anode. Similarly, the p-- contact region and the 
n+ counter-doped region in the p-type substrate are electri 
cally coupled by a metallic lead line to form a cathode. The n+ 
counter-doped region is equivalent to the emitter of an NPN 
transistor, and the p-- counter-doped region is equivalent to 
the emitter of a PNP transistor. The NPN transistor and the 
PNP transistor are coupled together to form the SCR. 
0005. During normal operation (the voltage at the anode 
being higher than that at the cathode), a diode formed 
between the n-type well region and the p-type substrate is 
reverse-biased and the operating voltage is below the break 
down voltage of the diode, thus the SCR is not triggered and 
the current is Small. However, during a Surge of electrostatic 
discharge, the Voltage at the anode reaches the breakdown 
Voltage. This results in impact ionization to generate a large 
amount of electron-hole pairs that move toward the n-type 
well region and the p-type substrate under the effect of elec 
tric field. The movement of the holes into the p-type substrate 
causes a potential drop, resulting in the connection between 
the base and emitter of the PN junction to allow electrons to 
flow from the emitter to the base. The same mechanism also 
causes carrier drift in the n-type well region to cause holes to 
flow from the emitter to the base. The drift of electrons and 
holes cause the electric potential to increase or decrease, thus 
further enhancing the degree of impactionization. This boot 
strap process allows the SCR to form a current channel suit 
able for electrostatic discharge with low resistance and for 
large amount of current. 
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0006. However, this type of conventional electrostatic dis 
charge protection structure has the problem of high trigger 
Voltage (or threshold Voltage), this may result in ESD damage 
for components with thinner oxide layer and higher Suscep 
tibility to damage due to the higher trigger Voltage. 

SUMMARY 

0007. Therefore, there is a need to address the problem of 
high trigger Voltage in conventional electrostatic discharge 
protection structures by providing an electrostatic discharge 
protection structure with a trigger Voltage that is adjustable by 
simple adjustment during design and fabrication thereof. 
0008. An electrostatic discharge protection structure may 
comprise: a Substrate being of a first type of electrical con 
ductivity; a well region in the Substrate and being of a second 
type of electrical conductivity; a Substrate contact region in 
the substrate and being of the first type of electrical conduc 
tivity; a well contact region in the well region and being of the 
second type of electrical conductivity; a Substrate counter 
doped region in the Substrate, between the Substrate contact 
region and the well contact region, and being of the second 
type of electrical conductivity; a well counter-doped region in 
the well region, between the Substrate contact region and the 
well contact region, and being of the first type of electrical 
conductivity; a communication region at a lateral junction 
between the substrate and the well region and between the 
Substrate counter-doped region and the well counter-doped 
region, the communication region in contact with the Sub 
strate and the well region; a first isolation region in the sub 
strate and between the Substrate counter-doped region and the 
communication region; a second isolation region in the well 
region and between the well counter-doped region and the 
communication region; an oxide layer adjacent to but not in 
contact with the communication region, the oxide layer con 
figured such that either a first end of the oxide layer is dis 
posed on the first isolation region and a second end of the 
oxide layer is disposed on the substrate or the first end of the 
oxide layer is disposed on the second isolation region and the 
second end of the oxide layer is disposed on the well region; 
and a field plate structure disposed on the oxide layer. 
0009. In one embodiment, the first type of electrical con 
ductivity is p type and the second type of electrical conduc 
tivity is n type; the communication region is of then type of 
electrical conductivity; the first end of the oxide layer is 
disposed on the first isolation region and the second end of the 
oxide layer is disposed on the substrate; the electrostatic 
discharge protection structure further comprises an anode 
lead line or a cathode lead line; the anode lead line is electri 
cally coupled to the well counter-doped region and the well 
contact region; and the cathode lead line is electrically 
coupled to the Substrate contact region, the Substrate counter 
doped region, and the field plate structure. 
0010. In one embodiment, the first type of electrical con 
ductivity is p type and the second type of electrical conduc 
tivity is n type; the communication region is of the p type of 
electrical conductivity; the first end of the oxide layer is 
disposed on the second isolation region and the second end of 
the oxide layer is disposed on the well region; the electrostatic 
discharge protection structure further comprises an anode 
lead line or a cathode lead line; the anode lead line is electri 
cally coupled to the well counter-doped region, the well con 
tact region, and the field plate structure; and the cathode lead 
line is electrically coupled to the Substrate contact region and 
the Substrate counter-doped region. 



US 2016/O181237 A1 

0011. In one embodiment, the first type of electrical con 
ductivity is n type and the second type of electrical conduc 
tivity is p type; the communication region is of the p type of 
electrical conductivity; the first end of the oxide layer is 
disposed on the first isolation region and the second end of the 
oxide layer is disposed on the substrate; the electrostatic 
discharge protection structure further comprises an anode 
lead line or a cathode lead line; the anode lead line is electri 
cally coupled to the Substrate contact region, the Substrate 
counter-doped region, and the field plate structure; and the 
cathode lead line is electrically coupled to the well counter 
doped region and the well contact region. 
0012. In one embodiment, the first type of electrical con 
ductivity is n type and the second type of electrical conduc 
tivity is p type; the communication region is of then type of 
electrical conductivity; the first end of the oxide layer is 
disposed on the second isolation region and the second end of 
the oxide layer is disposed on the well region; the electrostatic 
discharge protection structure further comprises an anode 
lead line or a cathode lead line; the anode lead line is electri 
cally coupled to the Substrate contact region and the Substrate 
counter-doped region; and the cathode lead line is electrically 
coupled to the well counter-doped region, the well contact 
region, and the field plate structure. 
0013. In one embodiment, a material of the field plate 
structure comprises polysilicon. 
0014. In one embodiment, the first isolation region and the 
second isolation region comprise shallow trench isolation 
Structures. 

0.015. A method of fabrication of an electrostatic dis 
charge protection structure may comprise: providing a Sub 
strate of a first type of electrical conductivity; forming a first 
isolation region and a second isolation region in the Substrate; 
forming a well region of a second type of electrical conduc 
tivity in the substrate by ion implantation, the first isolation 
region located in the Substrate, the second isolation region 
located in the well region; forming an oxide layer by thermal 
oxidation such that either a first end of the oxide layer is 
disposed on the first isolation region and a second end of the 
oxide layer is disposed on the substrate or the first end of the 
oxide layer is disposed on the second isolation region and the 
second end of the oxide layer is disposed on the well region; 
forming a field plate structure on the oxide layer by deposi 
tion; forming, by ion implantation, a Substrate contact region 
of the first type of electrical conductivity in the substrate, a 
well contact region of the second type of electrical conduc 
tivity in the well region, a Substrate counter-doped region of 
the second type of electrical conductivity in the substrate and 
between the Substrate contact region and the well contact 
region, a well counter-doped region of the first type of elec 
trical conductivity in the well region and between the sub 
strate contact region and the well contact region, and a com 
munication region; the communication region is disposed at a 
lateral junction between the substrate and the well region and 
between the substrate counter-doped region and the well 
counter-doped region; and the communication region is in 
contact with the substrate and the well region. 
0016. In one embodiment, the method may further com 
prise forming anode and cathode lead lines after forming the 
contact regions and communication region by ion implanta 
tion. 

0017. In one embodiment, a material of the field plate 
structure comprises polysilicon. 
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0018. In one embodiment, the first isolation region and the 
second isolation region comprise shallow trench isolation 
Structures. 

0019. In the above-described electrostatic discharged pro 
tection structure, when electrostatic discharge occurs, the 
anode potential rises and a depletion region is formed in the 
substrate and the well region, with the width of the depletion 
region at the surface of the substrate limited by a width of the 
field plate structure (i.e., the position of the edge of the field 
plate structure). As the anode potential continues to rise, 
strength of the electric field continues to rise until reaching 
the avalanche breakdown voltage of a unidirectional diode 
formed by the communication region that connects the Sub 
strate and the well region. At this time a large amount of 
electron-hole pairs are generated to trigger the SCR to form 
an electrostatic discharge channel to achieve the function of 
electrostatic discharge protection. The trigger Voltage of the 
SCR, which is the avalanche breakdown voltage of the uni 
directional diode, may be adjusted by adjustment of the width 
and position of the field plate structure during design and 
fabrication. Also, with the communication region, the trigger 
Voltage is lower than that in conventional designs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a diagram of a cross-sectional view of a 
conventional electrostatic discharge protection structure that 
utilizes SCR. 

0021 FIG. 2 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure of a first embodi 
ment of the present disclosure. 
0022 FIG. 3 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure of a second 
embodiment of the present disclosure. 
0023 FIG. 4 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure of a third embodi 
ment of the present disclosure. 
0024 FIG. 5 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure of a fourth 
embodiment of the present disclosure. 
0025 FIG. 6 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure after step S11 of a 
fabrication process of the present disclosure. 
0026 FIG. 7 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure after step S21 of a 
fabrication process of the present disclosure. 
0027 FIG. 8 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure after step S31 of a 
fabrication process of the present disclosure. 
0028 FIG. 9 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure after step S41 of a 
fabrication process of the present disclosure. 
0029 FIG. 10 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure after step S51 of a 
fabrication process of the present disclosure. 
0030 FIG. 11 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure after step S61 of a 
fabrication process of the present disclosure. 
0031 FIG. 12 is a flowchart of a method of fabrication of 
an electrostatic discharge protection structure of the present 
disclosure. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0032. In order to promote better understanding of the pur 
pose, features and advantages of the present disclosure, 
detailed description of select embodiments of the present 
disclosure is provided below with reference to the attached 
figures. 

First Embodiment 

0033 FIG. 2 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure of a first embodi 
ment of the present disclosure, which includes a p-type Sub 
strate 110 and an n-type well 121 formed therein by light 
doping. The n-type well 121 includes an n+ well contact 
region 131 and a p-- well counter-doped region 133 that are 
formed by heavy doping. Correspondingly, the p-type Sub 
strate 110 includes a p-- substrate contact region 132 and an 
n+substrate counter-doped region 134 that are formed by 
heaving doping. The Substrate counter-doped region 134 and 
well counter-doped region 133 are both located between the 
substrate contact region 132 and the well contact region 131. 
0034. Between the substrate counter-doped region 134 
and the well counter-doped region 133, which is also the 
lateral junction between surface of the p-type substrate 110 
and Surface of the n-type well 121, an n+ communication 
region 135 is formed by heavy doping. The communication 
region 135 connects the p-type substrate 110 and the n-type 
well 121, extending the n-type well 121 into the p-type sub 
strate 110 from the surface of the p-type substrate 110 and the 
surface of the n-type well 121 to form a unidirectional diode. 
With the communication region 135the trigger voltage of the 
lateral SCR formed by the well counter-doped region 133, the 
n-type well 212, the p-type substrate 110, and the substrate 
counter-doped region 134. 
0035 A first isolation region 141 is formed between the 
communication region 135 and the Substrate counter-doped 
region 134, and a second isolation region 142 is formed 
between the communication region 135 and the well counter 
doped region 133. In one embodiment, a shallow trench iso 
lation (STI) structure is adopted for the first isolation region 
141 and the second isolation region 142. Other isolation 
structures may be utilized in other embodiments, such as a 
local field oxidation of silicon (LOCOS) structure for 
example. The first isolation region 141 and the second isola 
tion region 142 define the aforementioned unidirectional 
diode. 
0036 An oxide layer 151 of a silicon dioxide material is 
disposed over the p-type substrate 110 and between the com 
munication region 135 and the substrate counter-doped 
region 134. One end of the oxide layer 151 is disposed on the 
first isolation region 141 and the other end of the oxide layer 
151 is disposed on the p-type substrate 110. It is noteworthy 
that the oxide layer 151 is not to be in direct contact with the 
communication region 135. A field plate structure 161 is 
disposed on the oxide layer 151. In one embodiment the field 
plate structure 161 is made of polysilicon which may be 
doped depending on the need in implementation. In other 
embodiments a metal field plate. Such as an aluminum field 
plate, may be used. 
0037. A cathode lead line is disposed on the p-type sub 
strate 110 to electrically couple the substrate contact region 
132, the substrate counter-doped region 134 and the field 
plate structure 161. An anode lead line is disposed on the 
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n-type well 121 to electrically couple the well counter-doped 
region 133 and the well contact region 131. Note that in FIG. 
2 the anode and cathode lead lines are shown as lines and not 
the rectangles encircled by the lead lines. 
0038. In the above-described electrostatic discharged pro 
tection structure, when electrostatic discharge occurs, the 
anode potential rises and a depletion region is formed in the 
p-type substrate 110 and the n-type well 121. As the field plate 
structure 161 is electrically coupled to the cathode as an 
electric field plate, the width of the depletion region at the 
surface of the p-type substrate 110 is limited by a width of the 
field plate structure 161 (i.e., the position of the edge of the 
field plate structure 161). As the anode potential continues to 
rise, strength of the electric field continues to rise until reach 
ing the avalanche breakdown voltage of the unidirectional 
diode. At this time a large amount of electron-hole pairs are 
generated and enter the n-type well 121 and the p-type Sub 
strate 110 to trigger the SCR. The NPN transistor formed by 
the substrate counter-doped region 134, the p-type substrate 
110 and the n-type well 121 as well as the PNP transistor 
formed by the well counter-doped region 133, the n-type well 
212 and the p-type substrate 110 become conductive to form 
a path for electrostatic discharge to achieve the function of 
electrostatic discharge protection. The trigger Voltage of the 
SCR, which is the avalanche breakdown voltage of the uni 
directional diode, may be adjusted by adjustment of the width 
and position of the field plate structure 161 during design and 
fabrication. The electric conductivity of the SCR is relatively 
less effected by the unidirectional diode. 

Second Embodiment 

0039 FIG. 3 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure of a second 
embodiment of the present disclosure. In particular, the elec 
trostatic discharge protection structure includes a p-type Sub 
strate 210 and an n-type well 221 formed by lightly doping the 
p-type substrate 210. The n-type well 221 includes an n+well 
contact region231 and ap+ well counter-doped region 233 by 
heaving doping. Correspondingly, the p-type Substrate 210 
includes ap+ Substrate contact region 232 and an n+ substrate 
counter-doped region 234 by heaving doping. The Substrate 
counter-doped region 234 and the well counter-doped region 
233 are located between the substrate contact region 232 and 
the well contact region 231. 
0040. Between the substrate counter-doped region 234 
and the well counter-doped region 233, which is also a lateral 
junction between surface of the p-type substrate 210 and 
Surface of the n-type well 221, a p-- communication region 
236 is formed by heavy doping. The communication region 
236 connects the p-type substrate 210 and the n-type well 
221, extending the p-type substrate 210 into the n-type well 
221 to form a unidirectional diode. 
0041. A first isolation region 241 is formed between the 
communication region 236 and the Substrate counter-doped 
region 234, and a second isolation region 242 is formed 
between the communication region 236 and the well counter 
doped region 233. In one embodiment, a shallow trench iso 
lation (STI) structure is adopted for the first isolation region 
241 and the second isolation region 242. Other isolation 
structures may be utilized in other embodiments, such as a 
local field oxidation of silicon (LOCOS) structure for 
example. 
0042. An oxide layer 251 of a silicon dioxide material is 
disposed over the n-type well 221 and between the commu 
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nication region 236 and the well counter-doped region 233. 
One end of the oxide layer 251 is disposed on the second 
isolation region 242 and the other end of the oxide layer 251 
is disposed on the n-type well 221. It is noteworthy that the 
oxide layer 251 is not to be in direct contact with the com 
munication region 236. A field plate structure 261 is disposed 
on the oxide layer 251. In one embodiment the field plate 
structure 261 is made of polysilicon. In other embodiments a 
metal field plate, such as an aluminum field plate, may be 
used. 
0043. A cathode lead line is disposed on the p-type sub 
strate 210 to electrically couple the substrate contact region 
232 and the substrate counter-doped region 234. An anode 
lead line is disposed on the n-type well 221 to electrically 
couple the well counter-doped region 233, the well contact 
region 231 and the field plate structure 261. Note that in FIG. 
3 the anode and cathode lead lines are shown as lines and not 
the rectangles encircled by the lead lines. 

Third Embodiment 

0044 FIG. 4 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure of a third embodi 
ment of the present disclosure. In the illustrated embodiment 
the p-type substrate and n-type well of the first embodiment 
are changed to an n-type substrate and a p-type well. The 
structure includes an n-type substrate 310 and a p-type well 
321 formed by light doping. The p-type well 321 includes a 
p+ well contact region 331 and an n+ well counter-doped 
region 333 by heavy doping. Correspondingly, the n-type 
substrate 310 includes ann+ substrate contact region 332 and 
a p-- Substrate counter-doped region 334 by heavy doping. 
The substrate counter-doped region 334 and the well counter 
doped region 333 are located between the substrate contact 
region 332 and the well contact region 331. 
0045 Between the substrate counter-doped region 334 
and the well counter-doped region333, which is also a lateral 
junction between surface of the n-type substrate 310 and 
Surface of the p-type well 321, a p-- communication region 
335 is formed by heavy doping. The communication region 
335 connects the n-type substrate 310 and the p-type well 
321, extending the p-type well 321 into the n-type substrate 
310 to form a unidirectional diode. 
0046) A first isolation region 341 is formed between the 
communication region 335 and the substrate counter-doped 
region 334, and a second isolation region 342 is formed 
between the communication region 335 and the well counter 
doped region 333. In one embodiment, a shallow trench iso 
lation (STI) structure is adopted for the first isolation region 
341 and the second isolation region 342. Other isolation 
Structures may be utilized in other embodiments, such as a 
local field oxidation of silicon (LOCOS) structure for 
example. 
0047. An oxide layer 351 of a silicon dioxide material is 
disposed over the n-type substrate 310 and between the com 
munication region 335 and the substrate counter-doped 
region 334. One end of the oxide layer351 is disposed on the 
first isolation region 341 and the other end of the oxide layer 
351 is disposed on the n-type substrate 310. It is noteworthy 
that the oxide layer 351 is not to be in direct contact with the 
communication region 335. A field plate structure 361 is 
disposed on the oxide layer 351. In one embodiment the field 
plate structure 361 is made of polysilicon. In other embodi 
ments a metal field plate, such as an aluminum field plate, 
may be used. 
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0048. A cathode lead line is disposed on the n-type sub 
strate 310 to electrically couple the substrate contact region 
332, the substrate counter-doped region 334 and the field 
plate structure 361. An anode lead line is disposed on the 
p-type well 321 to electrically couple the well counter-doped 
region 333 and the well contact region 331. Note that in FIG. 
4 the anode and cathode lead lines are shown as lines and not 
the rectangles encircled by the lead lines. 

Fourth Embodiment 

0049 FIG. 5 is a diagram of a cross-sectional view of an 
electrostatic discharge protection structure of a fourth 
embodiment of the present disclosure. In the illustrated 
embodiment the p-type substrate and n-type well of the sec 
ond embodiment are changed to an n-type substrate and a 
p-type well. The structure includes an n-type substrate 410 
and a p-type well 421 formed by light doping. The p-type well 
421 includes a p+ well contact region 431 and an n+ well 
counter-doped region 433 by heavy doping. Correspondingly, 
the n-type substrate 410 includes an n+ substrate contact 
region 432 and a p+ substrate counter-doped region 434 by 
heavy doping. The substrate counter-doped region 434 and 
the well counter-doped region 433 are located between the 
substrate contact region 432 and the well contact region 431. 
0050 Between the substrate counter-doped region 434 
and the well counter-doped region 433, which is also a lateral 
junction between surface of the n-type substrate 410 and 
Surface of the p-type well 421, an n+ communication region 
436 is formed by heavy doping. The communication region 
436 connects the n-type substrate 410 and the p-type well 
421, extending the n-type substrate 410 into the p-type well 
421 to form a unidirectional diode. 
0051. A first isolation region 441 is formed between the 
communication region 436 and the substrate counter-doped 
region 434, and a second isolation region 442 is formed 
between the communication region 436 and the well counter 
doped region 433. In one embodiment, a shallow trench iso 
lation (STI) structure is adopted for the first isolation region 
441 and the second isolation region 442. Other isolation 
structures may be utilized in other embodiments, such as a 
local field oxidation of silicon (LOCOS) structure for 
example. 
0052 An oxide layer 451 of a silicon dioxide material is 
disposed over the p-type well 421 and between the commu 
nication region 436 and the substrate contact region 433. One 
end of the oxide layer 451 is disposed on the second isolation 
region 442 and the other end of the oxidelayer 451 is disposed 
on the p-type well 421. It is noteworthy that the oxide layer 
451 is not to be in direct contact with the communication 
region 436. A field plate structure 461 is disposed on the oxide 
layer 451. In one embodiment the field plate structure 461 is 
made of polysilicon. In other embodiments a metal field plate, 
Such as an aluminum field plate, may be used. 
0053 A cathode lead line is disposed on the n-type sub 
strate 410 to electrically couple the substrate contact region 
432 and the substrate counter-doped region 434. An anode 
lead line is disposed on the p-type well 421 to electrically 
couple the well counter-doped region 433, the well contact 
region 431 and the field plate structure 461. Note that in FIG. 
5 the anode and cathode lead lines are shown as lines and not 
the rectangles encircled by the lead lines. 
0054 FIGS. 6-11 illustrate the cross-sectional views of an 
electrostatic discharge protection structure during the fabri 
cation process thereof. 
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0055 FIG. 12 is a flowchart of a method of fabrication of 
an electrostatic discharge protection structure, including the 
following steps: 
0056 S11, a substrate of a first type of electrical conduc 

tivity is provided. 
0057 Referring to FIG. 6, c a lightly doped p-type silicon 
wafer is used to make the p-type substrate 110. 
0058 S21, a first isolation region and a second isolation 
region are formed in the Substrate. 
0059 Referring to FIG. 7, a shallow trench isolation (STI) 
structure is adopted for the first isolation region 141 and the 
second isolation region 142. Other isolation structures may be 
utilized in other embodiments, such as a local field oxidation 
of silicon (LOCOS) structure for example. 
0060 S31, a well region of a second type of electrical 
conductivity is formed in the Substrate by ion implantation. 
0061 The second isolation region is disposed in the well 
region, and the first isolation region is disposed in the Sub 
strate outside the well region. Referring to FIG. 8, using the 
electrostatic discharge protection structure of the first 
embodiment as an example, the n-type well 121 is formed by 
ion implantation with light dopants. 
0062 S41, an oxide layer is formed by thermal oxidation. 
0063. The oxide layer is formed on the surface of the 
silicon wafer. In one embodiment, one end of the oxide layer 
is disposed on the first isolation region, and the other end of 
the oxide layer is disposed on the substrate. In another 
embodiment, one end of the oxide layer is disposed on the 
second isolation layer, and the other end of the oxide layer is 
disposed on the well region. Referring to FIG. 9, using the 
electrostatic discharge protection structure of the first 
embodiment as an example, the oxide layer 151 (which is a 
silicon dioxide layer) is formed on the surface of p-type 
substrate 110 and is not in contact with the n-type well. One 
end of the oxide layer 151 is disposed on the first isolation 
layer 141 and the other end of the oxide layer 151 is disposed 
on the p-type substrate 110. 
0064 S51, a field plate structure is formed on the oxide 
layer by deposition. 
0065 Referring to FIG. 10, the field plate structure 161 is 
made of a polysilicon material, which may be doped depend 
ing on the need in implementation. In other embodiments a 
metallic field plate, such as an aluminum field plate for 
example, may be used. 
0066 S61, contact regions, counter-doped regions and 
communication region are formed in the Substrate and the 
well region, respectively, by ion implantation. 
0067 Contact regions include substrate contact region, 
Substrate counter-doped region, well counter-doped region 
and well contact region. The Substrate contact region is in the 
substrate and is of the first type of electrical conductivity. The 
Substrate counter-doped region is in the Substrate and is of the 
second type of electrical conductivity. The well counter 
doped region is in the well region and is of the first type of 
electrical conductivity. The well contact region is in the well 
region and is of the second type of electrical conductivity. 
0068. The communication region is disposed at the lateral 
junction between the substrate and the well region, between 
the Substrate counter-doped region and the well counter 
doped region, and extends into the Substrate and the well 
region to be in direct contact with the substrate and the well 
region. 
0069. Referring to FIG. 11, using the electrostatic dis 
charge protection structure of the first embodiment as an 
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example, the contact regions include the Substrate contact 
region 132 and the well contact region 131. The counter 
doped regions include the Substrate counter-doped region 134 
and the well counter-doped region 133. The second isolation 
region 142 is disposed between the well counter-doped region 
133 and the communication region 135 to isolate the well 
counter-doped region 133 and the communication region 135 
from one another. The first isolation region 141 is disposed 
between the substrate counter-doped region 134 and the com 
munication region 135 to isolate the substrate counter-doped 
region 134 and the communication region 135 from one 
another. Given that the first isolation region 141 functions as 
a barrier layer duringion implantation, the first isolation layer 
141 is immediately adjacent to the substrate counter-doped 
region 134 and the communication region 135. 
0070 Following step S61, the process includes steps for 
forming anode and cathode lead lines. Using the electrostatic 
discharge protection structure of the first embodiment as an 
example, the cathode lead line may be formed on the p-type 
substrate 110 by deposition to electrically couple the sub 
strate contact region 132, the Substrate counter-doped region 
134 and the field plate structure 161. The anode lead line may 
be formed on the n-type well 121 to electrically couple the 
well counter-doped region 133 and the well contact region 
131. 

(0071. The above-described fabrication method of electro 
static discharge protection structures is compatible with con 
ventional CMOS fabrication method, and thus has a relatively 
low cost of production. 
0072 The above-described embodiments represent select 
few examples of implementation. The description thereof is 
detailed but is not to be construed as limiting the scope of the 
invention of the present disclosure. Rather, those with ordi 
nary skill in the art may derive various modifications and 
improvements of the present disclosure without deviating 
from the concept of the present disclosure. For example, the 
single-well design of the disclosed electrostatic discharge 
protection structure may be replaced with a double-well 
design. Such variations are within the protective scope of the 
present disclosure. Therefore, the protective scope of the 
present disclosure is to be determined based on the attached 
claims. 

What is claimed is: 
1. A method of fabrication of an electrostatic discharge 

protection structure, the method comprising: 
providing a Substrate of a first type of electrical conductiv 

ity; 
forming a first isolation region and a second isolation 

region in the Substrate; 
forming a well region of a second type of electrical con 

ductivity in the substrate by ion implantation, the first 
isolation region located in the Substrate, the second iso 
lation region located in the well region; 

forming an oxide layer by thermal oxidation Such that: 
a first end of the oxide layer is disposed on the first 

isolation region and a second end of the oxide layer is 
disposed on the Substrate, or 

the first end of the oxide layer is disposed on the second 
isolation region and the second end of the oxide layer 
is disposed on the well region; 

forming a field plate structure on a side of the oxide layer 
by deposition, the side of the oxide layer facing away 
from the substrate; 
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forming, by ion implantation, a Substrate contact region of 
the first type of electrical conductivity in the substrate, a 
well contact region of the second type of electrical con 
ductivity in the well region, a Substrate counter-doped 
region of the second type of electrical conductivity in the 
Substrate and between the Substrate contact region and 
the well contact region, a well counter-doped region of 
the first type of electrical conductivity in the well region 
and between the substrate contact region and the well 
contact region, and a communication region, wherein 
the communication region is disposed at a lateral junc 
tion between the substrate and the well region and 
between the substrate counter-doped region and the well 
counter-doped region, and wherein the communication 
region is in contact with the substrate and the well 
region. 

2. The method of fabrication of an electrostatic discharge 
protection structure of claim 1, further comprising: 

forming anode and cathode lead lines after forming the 
contact regions and communication region by ion 
implantation. 

3. The method of fabrication of an electrostatic discharge 
protection structure claim 1, wherein a material of the field 
plate structure comprises polysilicon. 

4. The method of fabrication of an electrostatic discharge 
protection structure of claim 1, wherein the first isolation 
region and the second isolation region comprise shallow 
trench isolation structures. 


